Current methodologies used to detect porcine reproductive and respiratory syndrome virus (PRRSV) infection include 1) virus isolation; (2) antibody detection, e.g., indirect immunofluorescence, indirect immunoperoxidase monolayer assay, enzyme-linked immunoasorbent assay, and virus neutralization; 3) antigen detection, e.g., immunohistochemistry and immunofluorescence tests on tissue samples; 4) viral nucleic acid detection, e.g., reverse transcriptase polymerase chain reaction (RT-PCR) for detection and RT-PCR product restriction fragment length polymorphism (RFLP) analysis for strain typing. 3 Primers from the open reading frame (ORF) 7 (nucleocapsid gene) of PRRSV have been shown to be specific for detection of all North American and European isolates. 2 In addition to detection of the virus, RT-PCR RFLP typing methods have been developed that make it possible to differentiate different field strains and the commercial vaccine. 4 The current study detected and typed PRRSV using PCR-based methods from clinical samples ob-tained from Ontario swine herds from January 1998 to July 2000.
Clinical samples, including lung, tonsil, lymph node, and serum were submitted to the diagnostic lab from pigs with clinical signs of respiratory disease and histologic evidence of interstitial pneumonia or from aborted fetuses. Pieces (0.25 g) of frozen tissues were homogenized using an homogenizer a in guanidinium thiocyanate b solution as described previously. 1 The homogenate was frozen and thawed to break the tissue cells, then subjected to RNA extraction using a commercial RNA extraction kit. c Serum was subjected directly to RNA extraction using a commercial RNA extraction kit. d To detect the virus, a 1-tube RT-PCR was performed by amplifying 433 base pairs (bp) of ORF 7. The primers (1010PLS/1010PLR) used were described previously, 2 with the exception of a 5Ј addition of a G on the upstream primer. This primer set was reported as being specific for the ORF 7 region of both North American and European strains. The RT-PCR was carried out in a 25-l reaction mix containing 2 mM MgCl 2 , e 0.2 mM of each dNTP, e 0.4 U/L RNase inhibitor, e 1.0 U/l MuLV reverse transcriptase, e 0.05 U/l Taq DNA polymerase, e 0.1 M of each primer, f and 2 l of template. A PCR System 9600 thermocycler e was used with the following thermocycling programs: cDNA synthesis at 42 C for 20 min, inactivation of reverse transcriptase and denaturation at 95 C for 3 min, 35 cycles of denaturation at 95 C for 20 sec, primer annealing at 60 C for 15 sec; and primer extension at 72 C for 20 sec, final extension at 72 C for 7 min, holding at 4 C. The PCR product was detected by electrophoresis in a 1.5% agarose g gel stained with ethidium bromide. h A previously described RT-PCR method 4 was modified to amplify a 716-bp fragment of ORF 5 and part of ORF 4 and 6 (716-bp RT-PCR). The PCR mix was 50 l in volume and contained reagents in the same concentrations as above, with the exception that 1.5 mM MgCl 2 , 0.2 M of each primer, and 4 l of template were used. Hot start was achieved using a wax bead i to separate the Taq DNA polymerase from the rest of the reagents. The RT-PCR cycle parameters were similar to above except primer extension time was lengthened to 30 sec. If no amplicon was generated by the 716-bp RT-PCR, a second method was used to amplify a 933-bp region, including 47 bp upstream to 170 bp downstream of the above 716-bp fragment (933-bp RT-PCR). The 933-bp RT-PCR was identical to that of 716-bp RT-PCR except for the primer sequence used, i.e., forward primer 5Ј-GAC ACC TGA GAC CAT GAG and reverse primer 5Ј-TCT ATG GCT GAG TAC ACC. After 716-bp RT-PCR or 933-bp RT-PCR, 10 l of product was digested with MluI, HincII, and SacII separately at 37 C for 2 hr as described by the manufacturer. j The samples were electrophoresed through a 2% highstrength agarose k gel and visualized by staining with ethidium bromide. Fragment size was determined against a 100bp DNA ladder. j The code representing a digested pattern was assigned according to or adapted from those described previously. 4 For example, a PRRSV strain was assigned as type 2-5-2 if its RT-PCR amplicon was digested by MluI and generated 279-and 437-bp fragments, by HincII and generated 327-and 389-bp fragments, and by SacII and generated 53-and 663-bp fragments. As defined previously, 5 a field strain has 2 or more restriction enzyme sites different from a vaccine strain (type 2-5-2) and an intermediate strain has only 1 site different within ORF 5. Figure 1 shows examples of the PRRSV RFLP types identified in this study. The different RFLP types of PRRSV recovered from Ontario farms from January 1998 to July 2000 are summarized in Table 1 . A total of 2,456 samples from 760 submitted cases were analyzed. Of these, 516 (20.3%) samples from 284 cases (37.4%) were PRRSV ORF 7-sequence positive. Of these 284 PRRSV-positive cases, 254 were typeable and 30 cases were nontypeable. The 254 typeable cases consisted of 34 different RFLP types. Of these 254 cases, 86 were type 2-5-2, similar to a commercial vaccine 1 or VR 2332 strain of PRRSV. The relationship of these samples to the time when the herd was vaccinated was not clear because of incomplete herd histories. Type 1-4-4, an RFLP type shared by another commercial vaccine m and a field strain, was detected in 4 cases. Samples from 164 cases had 32 different RFLP types of field or intermediate strains. Two strains were identified with patterns similar to 1-3-2 or 1-6-2 separately except all digested and undigested fragments were smaller in size. Further study is needed to investigate whether this reflects a natural deletion in the PRRSV genome.
Using the 716-bp RT-PCR, 34 different PRRSV RFLP types were identified from 236 of the 254 typeable cases. In the remaining 18 cases, the PRRSV consisted of 9 different RFLP types, which were typeable only by the 933-bp RT-PCR typing method. This suggests that the 716-bp RT-PCR primer sites of these strains may be different from that of the 716-bp RT-PCR typeable strains. The codes previously reported 4 were adapted to describe these strain types (those types marked with an asterisk below).
There were 2 isolates with a previously undescribed HincII cut pattern. One of the new HincII cut patterns was designated as pattern 9, which consisted of 490 bp, 200 bp, and undetermined small fragment(s); the other was designated as pattern 10, which consisted of 400 bp and 180 bp and undetermined small fragment(s).
This study identified all of the intermediate types described previously, 5 including types 1-5-2, 2-1-2, 2-6-2, and 2-5-4. Also identified from Ontario farms were type 2-2-2, 2-5-1, 2-9-2, and 2-10-2 PRRSV. These RFLP types were similar to a commercial vaccine l (type 2-5-2), with only 1 restriction site different. Moreover, some isolates with an RFLP type shared by a field strain and another commercial vaccine m (type 1-4-4) were also identified. The recently reported results of a full-length sequence of a Canadian PRRSV isolate suggest this isolate may have originated from the spread of the vaccine virus to uninfected animals in the herd, with subsequent reversion to virulence. 6 Further study is needed to determine whether some of the strains identified in this study were field strains or intermediate strains of the vaccines. In 4 cases, 2 different RFLP types were identified from tissues from different pigs that were submitted from the same farm at the same time. The coexisting types were 2-1-2 and 2-2-2; 1-3-2 and 1-7-2; 1-2-2* and 1-2-4*; and 1-1-4 and 1-6-2* with possible deletion (data not shown). Of the 195 farms that submitted PRRSV PCR-positive samples, 48 submitted samples on more than 1 occasion during the specified time frame. Different RFLP types of PRRSV were recovered from 23 farms ( Table 2) . The time between submissions varied from 1 day to 26 months, with 1 farm having 5 different types of PRRSV. In the other 25 farms, the PRRSV RFLP types remained unchanged for up to 20 months (data not shown). Further investigation is needed to determine whether the management practices influenced the RFLP type.
Fifteen different RFLP types of PRRSV have been reported previously. 4, 5 This study identified all of these except type 1-8-2. As well, 17 additional RFLP types of the virus were identified in this study. Two strains may have a natural deletion in ORF 5, ORF 4, or ORF 6. This study indicates that many RFLP types of PRRSV exist on Ontario farms. The great variety of PRRSV in Ontario suggests that the virus undergoes frequent mutation under field conditions. 
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